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1 Introduction
At the RAN1#72 meeting, there were discussions about the scenario(s) to consider for evaluating D2D techniques. However, from the discussions, it was apparent that consumer LTE and Public Safety (PS) have vastly different goals, features and requirements.
In this contribution reusing the main conclusions of our previous contribution [3], we define separate scenarios for PS and consumer and for discovery and communication. Given that the number of possible scenarios is quite large, we propose a few for baseline evaluations. We also describe a simulation methodology for both discovery and communication, and list some simulation parameters. We also provide link parameters to evaluate when discovery is successful and for location accuracy.

2 Link evaluation for discovery 
Based on [1], there are at least two types of discovery:

· eNB-assisted discovery, where one UE is directed to transmit a signal (e.g., a SRS signal), and another UE is required to listen and report the signal quality to the eNB. The eNB can, based on this reported signal quality, decide if ProSe can be enabled for these two UEs. This option fits well for in-network coverage, as it is natural to consider network involvement as the network anyway would be involved in authorization or billing.
· Open discovery: in such a case, any UE can transmit a “beacon” signal to advertise its presence to other UEs. 

For eNB-assisted discovery, there is really no need for link evaluation since as long as two UEs are within network coverage, the measurement and reporting can be done without any issue. For open discovery, the situation is different: when UE A transmits a discovery signal (beacon), another UE can discover UE A only if the received discovery signal is of good enough quality to be decoded. Since the discovery signal needs to be designed, companies examining open discovery need to provide the following:
· Modulation used

· Payload (in terms of information bit rate)

· Coding rate

· Coding technique (turbo-codes, Reed-Muller, convolutional…)

Simulations should use the parameters listed in Table 1. Note in particular that simulations need to be provided for at least three channel models: one indoor, one outdoor, and one indoor-to-outdoor. Note also that some techniques, such as transmitting a signature waveform instead of an encoded message, may need different link simulations to determine if the waveform is received accurately. However, the system parameters listed below should be sufficient for such an evaluation.
Table 1. Parameters for link simulation.

	Parameters
	Assumptions

	System bandwidth
	10 MHz

	Carrier frequency
	2 GHz

	Channel model
	Under discussion, but should include indoor-to-indoor, outdoor-to-outdoor, and indoor-to-outdoor

	Antenna configuration
	2 antennas, in cross-polarization configuration

	UE speed
	6 km/h


3 Evaluation scenarios

3.1 Possible evaluation scenarios
Regardless of the type of discovery used (eNB-assisted or open discovery), system-level performance assessments need to be conducted to determine the performance of each scheme. In [3], based on a detailed analysis of the requirements in [1], we determined that three classes of scenarios were needed: one for short distances, one for medium distances, and one for large distances. These three classes, referred to as “short range,” “middle range” and “long range”, are given in Table 2.
Table 2. Description of each class.
	Parameters
	Short range
	Medium range
	Long range

	Range
	100 m
	500 m
	2 km

	Device density
	10,000/km2
	100/km2
	10/km2

	UE power
	Up to 20 dBm
	Up to 23 dBm
	Up to 30 dBm


For each class, three different scenarios need to be evaluated:
· Discovery for consumer LTE

· Discovery for PS LTE

· Communication for PS LTE

In addition, the scenarios need to be evaluated for three different channel models:

· Indoor-to-indoor

· Indoor-to-outdoor

· Outdoor-to-outdoor

Finally, three cases need to be added:

· In-network coverage

· Out-of-network coverage

· Hybrid coverage, with one UE within network coverage and one UE outside of network coverage.

This makes for a total of 81 evaluation scenarios to be considered. Even eliminating the obvious scenarios such as combinations with long range and indoor-to-indoor, the number of scenarios to be evaluated is very large. It is necessary to limit the evaluations to a reasonable number of scenarios (e.g., 6). Note also that some scenarios have already been eliminated: for instance, the SA1 TR mentions inter-cell discovery. In order to reduce the number of simulations, we have considered intra-cell discovery only. Note also that this evaluation is already limited in scope: for instance, it may also be useful to consider an indoor-to (outdoor)-to indoor model for the case of one indoor UE communicating with another indoor UE in a neighboring building.
3.2 Considered evaluation scenarios

Clearly the number of scenarios to simulate is quite large. However, there appears no other obvious scenarios can be eliminated. Furthermore, given that D2D is a technology that has not been thoroughly studied within 3GPP, it is necessary to have a clear picture of its benefits; thus all these evaluations are necessary. That being said, in order to keep the workload reasonable, operators should give their inputs about the scenarios that are the most important for them to guide the SI work. Operators include regulatory bodies and other entities that have an interest in PS.

· Proposal 1: Operators should give their inputs in terms of preferred scenarios to guide the SI work
In addition, one way to limit the number of scenarios is to consider the long-range scenarios. These are extremely important, especially for PS LTE, and RAN1 needs to provide an excellent solution for these cases. However, these scenarios would typically be for a low density of UEs, and the interference environment may not be that problematic. Having sufficient link budget is more important. Consequently, it may not be necessary to provide system-level analysis for long range scenarios besides a link budget analysis.
· Proposal 2: do not perform system evaluation other than link budget analysis for the long range class of scenarios
Next, it is useful to look at the discovery requirements for PS and consumer LTE. It appears that the PS LTE requirements are probably more difficult to meet: for instance, for consumer LTE use cases, users may be closer to each other than for PS cases. Furthermore, during the discussions at RAN1#72, it seemed that the main interest of most companies was on PS. Therefore, we propose the following:
· Proposal 3: focus the evaluation on PS scenarios only for initial studies (revisit based on operator’s inputs)
Unfortunately, for the channel models, it seems difficult to remove some models: for short range, all three –outdoor-to-outdoor, indoor-to-indoor, and indoor-to-outdoor models are relevant. For medium range, both indoor-to-outdoor and outdoor-to-outdoor models are relevant. The only one that can reasonably be eliminated is the indoor-to-indoor model. This leads to the following scenarios to evaluate
· Proposal 4: Evaluate the following scenarios for both discovery and communication:

· Indoor-to-indoor: short-range 

· Indoor-to-outdoor: long-range, medium range

· Outdoor-to-outdoor: long range, medium range

In addition, it has to be decided which scenarios to run for in-network coverage, out-of-network coverage and hybrid coverage. Given that the vast majority of the times, the UEs are within network coverage, priority should be given to scenarios within network coverage. However, at least one hybrid coverage scenario and one outdoor coverage scenario should be simulated to understand the implications of these two cases.

· Proposal 5: Prioritize for in-network scenarios:

· Run at least one out-of-network scenarios
· Run at least one hybrid-coverage scenario
4 Evaluation methodology

Given that discovery and communication are quite diverse, different evaluations need to be performed.
4.1 Discovery
Regardless of the discovery technique used (open discovery or eNB-assisted discovery), the following aspects need to be evaluated:
Assume uniform UE density. 1% of the subframes for discovery if open discovery,

There are several aspects to evaluate for potentially each scenario:
· The probability of detection of a given device
· The time to discover a device

· The number of devices that can be discovered

· The distance resolution: if D2D is used for location service, what is the accuracy?

However, probably most of the work has to be done at the system-level to evaluate the probability of detection, the detection time, and the number of devices that can be discovered. The evaluation methodology we propose is simple, and reuses most of the “traditional” system-level evaluation methodology. First, a 19-cell, 3 sectors layout is generated. Both active and idle devices are uniformly drawn within the simulation area. Both cellular and D2D links/discovery signals are generated, with interference between cellular and D2D devices being considered, if applicable. In addition, for open discovery, some resources need to be reserved for the discovery process. In order to keep the overhead low, we propose to assume that 1% of the subframes are reserved for discovery. For eNB-assisted discovery, there should be no restriction for the subframe used for discovery.
It is also necessary to limit the number of performance evaluation metrics. We propose two metrics:

· The curve giving the fraction of discovered devices vs. time
· The distance distribution of discovered devices

The other important parameters are listed in Table 3.
Table 3. System simulation parameters.

	Parameters
	Assumptions

	System bandwidth
	10 MHz

	Carrier frequency
	2 GHz

	Inter-site distance (eNBs)
	500 m for dense/medium UE density, 1 km for low density

	eNB deployment
	The typical 19-cell and 3-sectored hexagon system layout

	Minimum distance between UE and Macro
	35m

	UE antenna gain
	0 dBi

	UE noise figure
	9 dB

	UE Antenna pattern:
	Omni

	Shadowing correlation between UEs
	0

	UE sensitivity level
	-110 dBm

	UE-to-UE pathloss and channel configuration
	See companion contribution [2]

	UE transmit power
	20 dBm for consumer, 30 dBm for public safety


4.2 Communication
For direct mobile communications (DMC), in addition, the cellular throughput and the DMC throughput need to be computed, and compared with the cellular throughput in the absence of DMC links. It involves:

· Setting a number of DMC links in a given cell (e.g., 1, 2, 5)

· Assigning a percentage of resources to the DMC links (e.g., 25%, 50%, 75%)

· Computing interference between all devices (DMC and cellular)

· Computing throughput for all DMC and cellular links

The performance metrics could be showing both cellular and DMC throughputs vs. the percentage of resources for DMC. We can then see how DMC affects cellular throughput, and the overall gain brought by DMC for in-network communication and hybrid coverage communication. For out-of-network communication, there is no need to consider cellular communications. Most of the parameters from Table 3 can be reused.
One of the problems is: how to decide which UEs engage in the DMC link. Three possibilities:

· Two random UEs within coverage

· Hotspot distribution around the first UE

· D2D pairs are at fixed distance, and randomly drawn (instead of one UE drawn in cellular mode, one D2D pair is drawn)

Another problem is which band to use: they are at least 3 possibilities. D2D communications can occur:

· On the uplink band

· On the downlink band

· On a dedicated carrier supporting D2D communication only.

If the communication occurs on the UL, it is probably necessary to evaluate IoT at the eNB, as well as the interference caused by one transmitting D2D UE on the other transmitting D2D UEs. If the communication occurs on the DL, it is necessary to evaluate the impact of the transmission from a D2D UE over another UE receiving a signal from an eNB, as well as other D2D UEs. The simulation needs to be conducted on the downlink. If it occurs on a dedicated carrier, while nothing particular needs to be done in terms of DL or UL simulations, it is necessary to account for the reduced bandwidth allocated for both the cellular UL and the cellular DL.

Given that D2D is a new technology, it is not clear which one device distribution is most appropriate. For short range scenarios, selecting two random UEs within coverage seems appropriate. For instance, considering the scenario of the police inspecting a building, or firefighters combating a blaze, they would likely be anywhere in the building. Thus, for this simulation, we suggest to select two random UEs within coverage of a given eNB.

An important aspect of the cellular simulation is which channel model to choose. Given that this is the first time 3GPP is studying D2D, we recommend using a simple model. We can also note that there is an ongoing discussion on the traffic model for small cells. The simplest solution would be to reuse the traffic model selected for small cells. 

· Proposal 6: use the same traffic model as for small cell studies

While discovery potentially includes idle and connected UEs, cellular communication only occurs for connected UEs. Thus, a number of active UEs per scenario needs to be defined for the cellular network. This number is not that important, and could be arbitrarily set to 10. In order to obtain averaging, a set of 10 simulations with different seeds is recommended.
5 Conclusions
The D2D discovery process can be either eNB-assisted or open. For open discovery, link-level simulations are needed. In addition, for the definition of scenarios, the following recommendations are made:
· Proposal 1: Operators should give their inputs in terms of preferred scenarios to guide the SI work

· Proposal 2: do not perform system evaluation other than link budget analysis for the long range class of scenarios
· Proposal 3: focus the evaluation on PS scenarios only for initial studies (revisit based on operator’s inputs)
· Proposal 4: Evaluate the following scenarios for both discovery and communication:

· Indoor-to-indoor: short-range 

· Indoor-to-outdoor: long-range, medium range

· Outdoor-to-outdoor: long range, medium range
· Proposal 5: Prioritize for in-network scenarios:

· Run at least one out-of-network scenarios
· Run at least one hybrid-coverage scenario
· Proposal 6: use the same traffic model as for small cell studies
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